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In 1930 Moore and Van Slyke4 demonstrated the linear relationship between plasma specific gravity and total protein, and calculated the total serum protein by the formula: P = 343(G -1.0070)
Weech and collaborators10 confirmed the formula in 1933. In 1934 Nugent5 demonstrated that the partial specific gravities of albumin and globulin are practically identical. Weech and collaborators' in 1936 worked out formulae by means of which the protein content of plasma, serum, and transudate could be determined from their respective specific gravities.
The Barbour and Hamilton1 falling-drop method for determining specific gravity is now widely used for the rapid and accurate determination of total serum proteins. Although albumin and globulin, as found in serum, exhibit almost identical densities, albumin can not be determined by the formulae of Van Slyke or of Weech in the presence of a large amount of precipitating salt. The necessary procedure and calculation are herein presented.
The present method provides for the determination of the specific gravity of a sample of serum from which the globulin has been removed by precipitation. The Barbour and Hamilton specificgravity method determines the difference between the density of two solutions; if the density of one (a) be known, the density of the other (x) can be calculated. It 
By the above procedure complete protein analyses can be made in duplicate within two hours.
Precautions. 1) The solutions must be kept under oil to avoid evaporation.
2) Derivation of the formulae Three methods were used in deriving a formula for calculating serum albumin from the specific gravity of the serum without globulin.
First. The specific gravity of the samples of sera after removal of globulin was plotted (see Fig. 1 For convenience formula 4 was simplified to:
The maximum difference between results given by formula 5 and formula 4 was 0.03 gm.%.
Within the ordinary range of albumin values, any one of the four equations will give values of albumin which differ from those given by any other formula within the error of the method.
Behavior of albumin in the presence of concentrated salt solutions
Comparison of formula (2) with the Van Slyke formula (1) reveals the fact that the factor which represents the contribution of the non-protein elements to the specific gravity of serum has been doubled. The predicted effect of the added salt having been eliminated by the calculation procedure, it became apparent that some sort of "condensation" takes place. To study this phenomenon further three experiments were devised. Expertiment I. Eight samples of human sera were analyzed using sodium sulfate to remove the globulin. Of these, two samples failed to dear after two hours of centrifuging. The specific gravity values of the remaining samples of serum without globulin were plotted on graph paper against the corresponding albumin values and in the manner of formula 2 this equation was derived: A = 343 (Ga -1.0147) (6) Thus determined, six samples of albumin yielded an average deviation from the Kjeldahl albumin determinations of 0.1 3 gm. % (standard deviation, d 0.14 gm.%). Experiment 11. A solution of serum albumin purified by electrophoresis was kindly supplied by Dr. Melnick of the Department of Physiological Chemistry. The specific gravity of this solution was 1.0050 and the protein content was 0.63 gm.%. Two 1 cc. samples of this solution were treated with ammonium sulfate in the usual manner and the specific gravity of the solution of albumin in the presence of ammonium sulfate was determined to be 1.0128.
III
There was the slightest possible trace of precipitate on the wall of the tube.
Experiment III. A sample of dog serum was analyzed by the specific gravity method and found to contain 2.88 gm. of albumin per 100 cc. Of this serum 115 cc. were added to an equal amount of the saturated ammonium sulfate and the mixture was spun for one hour in an angle centrifuge at 4,200 r.p.m. The supernatant fluid was dialyzed against three three-liter changes of 0.9 per cent sodium chloride. The protein content of the solution after dialysis was determined by comparison of its specific gravity with the specific gravity of its ultrafiltrate. Then three 1 cc. samples were treated with saturated ammonium sulfate in the usual manner and the specific gravity of albumin-free serum in the presence of one-half saturated ammonium sulfate was determined to be 1.0144.
The results of these experiments are best seen in the The difference between the Van Slyke formula (I) and either formula 2 or 6 may be regarded as caused by "condensation" or "electrostriction." Examination of the table reveals that this difference is relatively constant through wide variations in the concentration of albumin in sera, and that this "condensation" takes place in the absence of globulin.
Meaning of the formulae The difference in the subtraction factor between formulae 1 and 2 means that some "condensation" takes place when concentrated salt is added to an albumin solution. The difference in the conversion factors of the formulae 1 and 4 would indicate that such condensation also affects the albumin, because a greater change in specific gravity is produced by the same increase in albumin concentration. That this change has no relation to the removal of globulin is evidenced by the fact that it takes place in solutions containing no globulin (Experiments II and III). The condensation seems to bear some relation to the duration and speed of centrifuging. If the standard centrifuge is used, or if the samples are spun for less than one hour in the angle centrifuge, the serum without globulin has a lower specific gravity. Centrifuging for more than one hour has no effect.
Accuracy of the method
The accuracy of the present method of serum albumin determination must be evaluated with due consideration of the possible errors of the Howe-Kjeldahl technic with which it has been compared. Some of these errors are:
1) The necessity of having solutions standing in an incubator at 370 C. over night and of filtering these solutions for several hours while covered only with a watch-glass introduces the possibility of undue evaporation, giving too high values.
2) It is sometimes impossible to clear the filtrate by repeated filtration. Although this is felt to represent fat particles, it may occasionally be small particles of the precipitated globulin, again giving too high values.
3) Duplicate Kjeldahl determinations are made from the same sample of filtrate, affording no check on the procedure previous to and including filtration. 4) Filter paper absorbs some of the albumin. 6 Another important cause of the difference between the albumin values given by these two methods may lie in the fact that ammonium sulfate and sodium sulfate probably do not precipitate the same protein fractions. Analysis of the two fractions in an electric field shows that sodium sulfate precipitates some of the albumin yet not all of the globulin (Melnick3). It has been shown that precipitation of serum protein by increasing concentrations of ammonium sulfate affords a smooth curve2' 8 with no critical points such as were demonstrated for sodium sulfate. 2 It must, therefore, be kept in mind that the variation of results between the two methods, small as it is, may be due essentially to unavoidable vagaries of the Howe-Kjeldahl procedure.
Sumnmary
The Barbour and Hamilton falling-drop method for measuring specific gravity has been applied to the determination of serum albumin. Ammonium sulfate is the only reagent needed. The protein content of the supernatant fluid after the precipitation of globulin is calculated from its density by the formula:
A 300 (Ga -1.014) (5) Values given by this method differ from the corresponding values given by the Howe-Kjeldahl method by a standard deviation of ±0.32 gm.%. It has been shown that the apparent specific gravity of solutions of globulin-free albumin is increased by half-saturation with ammonium sulfate. Several possible explanations of this phenomenon were excluded by experiment.
